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RRWRITTEN MARKED UP COPY 
Ahatract of the luv e itUmi Disclosure 

A packet switching sy stemtiiftt arbitrates between Virtual Output Queues (VoQ) in plural 
input buffers, so as to grant the right of transmitting data to a crossbar switch to some of the 
VoQs by taking both an output data interval of a VoQ and ^ queue length of j VoQ as 
parameter s, wlieiem th e. The system suppresses the delay time of the segment of a VoQ having 
a high load^ thereby preventing buffers from overflowing; ancl, also ^ the system permits ibc 
VoQ having a low loads load to transmit segments under no influence of ihe VoQ that has a high 
load and is just reading out the segment. 
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Title of the Invention 



PACKET SWITCHING SYSTEM 



RECEIVED 

CENTRAL ROC CENTER 

JUN d 6 2006 



Background of the Invention ' 

The present invention relates to a packet switching ; 

system having an input buffer and an output buffer (ref erreid 

to as linput/output buffer packet switching system/ 

hereinafter) , particularly to §hD^|packet switching system 

adopting an arbiter system* 
L 

Conventional input/output buffer packet switching 
system, which has a First-In First-Out^ (FIFO) , men^ 
each input line, has a disadvantage gherq^if plural packets 
inputted f rom plural input lines converge at a predetermined 



output path, ^^Head Of Line (HOL) blocking" is caused, 
buffering froia)Ionly 58,6% throughput Of data transfer. To 
avoid ^he) HOL blocking, thereji provided a well known method 
»(that has^Virtual output Queue (VoQ)jfor each output path at 



an input buffer . ^^^^^.^^ ^ 

The input/output buffer packet switching syster^. 
becausefo^a crossbar switch ^hic^has no buffer, adopts ^he]j^ 
way to arbitrate between the VoQs of input buffers, so as 
* to prevent data on the crossban switch from being converged. 
The arbitration is performed f or (SecidingTia combination of 
an input port and an output port tojt[give the gran^of 
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transmitting dataj^to some of the VoQg|* Accordingiy^higher 
throughput of data transfer of the switching system depends 
on efficient arbitration, ^ 4» 

>ri3eciai: 



There are two ways (pf)|arbitration for^^e 



combination of an input port and an output port: one^where 
arbitration is performed using the unit of a fixed-length 
internal packet into which variable length packets inputted 
to the switch ^a^been divided;j| another^ where, as indicated 
in USP 09/362,134, arbitration is performed using the unit 
of a fixed-length container into which plural variable 
length packet Sj packed* In this way^ two units are u5ed(o; 
ja^ switching processingj^j^one unit^of an internal packet... 
having a small fixed length and another unitjjof a container 
having a large fixed length. , 

As regards a unit used the processing* in the 
switching system of the invention, the volume of data per 
arbitration is defined as one segment. Note that hereafter 
the term ^^segmenf^ is alsc^^ef ined)asj(^generic term^f^data 
to be treated inside the switch, data such as an internal 
packet/ a packet, and a cell. 

As conventional arbitration, the following three 
methogs^jare^proposed: 

Firstjiis a method of selecting a sending queue on^^Round Robin 
by taking^whether^segment ofjiVoQ exists as a parameter, 
disclosed in "A Study of structuring a Large Capacity Packet 



OX) 
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Switching Systems," Koji WAKAYAMA, et al., SHINGAKUGIHOU 
SSE98-160, and also disclosed in JP-A-2000-78148; 
Secondj^is a method of selecting sending queues by taking [a^iJ^ 
waiting time of the segment injVoQ as a parameter// disclosed 
in "A Study of Scheduling an Input Buffer Switch and Trial 
manufacture thereof / " Toshiyuki SUDO, et al. , SHINGAKUGIHOU 
SSE99-118; 

Third/ is a method of select ingjoutput data queue by taking 
the length ofjVoQ as a parameter, j| disclosed in "A Proposal 
of Balanced Packet Scheduling Algorithm and Performance 
Evaluation, SHINGAKUGIHOU SSE9 6-5 6. - 

Each of the three methods has a problem^ caused whenj^ 
unbalanced load is ^ve^^to the switch- Referring to Fig. 
le^which is a conceptual view of an Jjjput port, 30 of a 4 X 



a conceptual view of an Jjjput port 



4 switch, [we will explain^he problemsjjjbelo^. In the figure, 
reference numbers 31--l^j|-2,/-3^ and;^-4 g.re)f^oQs/ each being 
directed^^of) its output path; a qucbdrangle in each VoQ 
represents a segmentQ.theiSl-l (showsJAtraffic whichi^as^ a 
higher load thanjiother queues and the) 31-4 ghow^ traffic 
which (ha^ a low;er load than other queu^ 

In the first method of selecting a sending queue on ^ 
Round Rob in/ by takingly whether^segment ofKVoQ exists as a 
'parameter. If unbalanced loads are ^iveAjto the switch, the 
Round Robin j^that equitably reads out segments from all VoQs i j 
permits the VoQ havingy^low load# to transmit segments gjnde^|^ 
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^ ^ 

influence oflthe VoQ that has^high load and is just reading 

out \thg^segment ♦ However,^ queue i of a VoQ having jhigh load 

is liable to be long, causing its delay time in segment 

ch to 



transmission inside the switch to be longer than those ot ^ 



other VoQs . As shown in^ghe f igur^ this brings about ^ 
overflow of segments at VoQ 31-1 havingnhigh load/ and might^iACAteM* 
^^andoii)a segment 32A^ 

In the second method of selecting sending queues by 
taking ja^ waiting time ofjpADQ of th^ s^gment^as a parameter, '-'y-^^^^ 
in the same way as the first method/ ^ queue li of a VoQ having^, ;,; 
high load is liable to be long. This/causes waiting time 
o^^he segment in^h^VoQ^to be long£ Th^^ethod that takes 
d^j^waiting time of the segment in VoQ as a parameter transmits 
a segment having a long waiting time in a priority manner, '-4} 
/yonder the conditio^, management of the waiting time of all 
segments needs a lot of counters, so the method is not 

.*• •-• 

practicable. . v?;^ 

Therefore, in most cas^ the second method counts the j !.^^^^^ 
waiting time from when the segment has arrived at the top i.^^tv^ 
of the queue. Specifically/ it adds 1 to the counter of the '••-f: 
VoQ when the segment in the voQ is not transmitted during 
one arbitration^ while^ resets the counter when the segment 
* is transmitted during one arbitration. This treats bothjVoQ 
having^high load and/ VoQ having f^low load in the same 
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i^nditiofi/ because the counter resets once the segments of 
the VoQ which even hasKhigh load ^sJitransmitted. 

^ 

Thus/ the delay time of the VoQ to whichxhigh load is given 

under the iinbalanced loadi finally becomes larg^, and thus 

this might (abandon^the overflow segments of the buffer • 

In the third method of selecting sending queues by 

taking the length of the queue as a parameter, the segment . ^ • 

can be effectively read out froroj^VoQ having^high load, under 

above-said condition where^unbalanced load is give^to the 

switch. Thus^ the delay time of the segment ofy^VoQ havings . 

high load^omes to bSjyjsmall/ also preventing a buffer from . 

overflowing- Themethod^ however, suffers from a phenomenon 

called starvation^in whichj^grant^iis not given to a segment 

^ A 

32B of VoQ 31-4 that has^low load. ^ ^ 

^ Accordingly, the method might/ deteriorat* ^qualitT^<|B^*{***A 
injipackets, especially in both packets of voice data, which 



^s^jrequired never to be late in data transfer, and packets 
Of important data, which g.%jrequired never to be abandoned 
in data transfer, both for keeping good quality in data. 



Summary of the Invention • 
(^h^kinvention (aims) to provide a packet switching 
* system that arbitrates between (thej VoQs to (oLecide)i a 
co^j^l^ jon of an input port and an output port, and thereby 
grantJMv/transm.itlNWMi data to some of the VoQs by taking both 
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an interval in sending a segment froroiVoQ andiqueue length 
ofjiVoQ as parameters. 

According to one aspect of the invention we provide 
the packet switching system having: a queue length manager 
for managing the volume of segments queued in each VoQ per 
input line; an output data interval manager for managing an 
output data interval of the segment of each VoQ; and an 
arbiter-request (ARB-REQ) generator for allocatingj^level of 
transmission to the VoQs according to information received 
from the queue length manager and the output data interval 
manager, wherein arbitration is performed on ^^^^^^iL&vel 
assigned each VoQ so as to determine which VoQs will b^sen^l. . 

According to another aspect of the invention v we 
provide ^e)| packet switching system having: means for 
putting segment transfer interval prior to queue length in 
arbitration so as to determineJ^VoQ level; and means for 
putting queue length prior to segment transfer interval in 
arbitration so as to determine AVoQ level; 



Brief Description of the Drawings 
FIG. 1 is a block diagram ^r explainin^|One 
embodiment of a packet switching system of the present 
* invention, 

FIG. 2 is a block diagram of the structu£;e of an 
ARB-REQ generator 13 and a VoQ controller 12j^of FIG. 1. 



PAGE 36/62 ' RCVD AT 6/612006 1 :44:04 PM [Eastern Da^^^^^^ 



06-06-' 06 12 : 51 FHOM-Mattingly , Stanger 



703-684-1157 



T-668 P037/062 F-395 



-7- 



FIG. 3 is|^one exaii^le of a level assignment matrix for 
assigning a level toJlVoQ by the ARB-REQ generator of FIG. 



13. 



FIG. 4 Is/^one example (prioritizing output data 



interval) of the level assignment matrix for assigning the 
level toAVoQ by the ARB7REQ generator of FIG. 1. 

FIG. S isi^one example (prioritizing queue length) of --'-^^ 
the level assigning matrix for assigning the level to/VoQ - ^ 



:ne J 

by|ARB-REQ generator of FIG. 1< 



FIG. 6 is a block diagram of an example of the 
structure of an arbiter i,14AQf FIG. 1. V.,?; 



^jview f c 



FIG. 7 is ^^iew for explaininqja concept of a VoQ level 
matrix of the present Invention, 

FIG. 8 is a^^ew for explaining] a concept of a 
tournament of the present invention. . 

FIG. 9 is a table (p£](^ combination of win and defeatj^ 
of the tournament for every input and every output (o^Jj^the 
present invention « 

FIG. ID is a (view for explaining a concept of a] level 
reassignment table \of)|fhe present inveniL^|Or^^ 

FIG. 11 is a flowchart (for explainingj^an algorithm 
which the arbiter 14 of FIG. 1 performs. 

FIG. 12 ^illustrates processing of the arbiter 14 of 
FIG- 1. 
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FIG. 13 is a block diagram of (a tota^ structure of 
another exabodiment of a packet switching system of the 
present invention . 

FIG* 14 is a graph (of^indicating 99 % delay of. the 
conventional arbiter |and)|an arbiter of the present 
invent ion - 

FIG. 15 is a graph of indicating queue length • v^:i^^^^S^ 

distribution of the conventional arbiter and the arbiter of 
the present invention when ipn unbalanced load is given, 

FIG, 16 is a|{vi€W for explaining a con^cept^f [anj 
overflow of JlVoQ to which high load traffic is>(give^^^xd 
starvation of/VOQ to which low load traffic is ^ve^ . • . a?;^ 

Detailed Description of the preferred embodiments 
FIG- 1 illustrates one embodiment of a packet 
switching system of the present invention. In the systeiU/ 
ARB-REQ information is transmitted to an arbiter through a 



'2 



*>1 



separate line ISjwhic^is different from a data line for .. 
connecting; VoQ 11 and^Crossbar Switch 19, 

An input line processor 16-i {i=l to n) extracts • ■ 'r^ 

address information of a packet by analyzing a^acke^ header •> 
of a packet which is input from an input line 103-i- An input . • | 

^buffer 10-i includes n VoQll-i^to an output port '[^ 
j£orrespondenc§» An input processor 16~i gives address 
information which has been extracted to a VoQ controller 12||r*" 
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The VoQ controller 12-i gives an indication to an input 

racket in) VoQ corresponding 




(address information. In this 
way, the packet is written in VoQ 11-i which has been 
designated. 

The VoQ controller 12-i raanages, per VoQ 11-i, 
information between the volume of queuing segments and a 
waiting time (that is to say, an output data Interval of each 
segment) of the segment at the top of a queue buffer. An 
ARB-REQ generator 13-1 assigns each level to each VoQ 
according to ^ose o£)f information. 

Each VoQ level is collected to an arbiter 14 by a | 
signal line 18 during one arbitration period- It isigecid^d) 
by t^^a^iter 14^ give grant) to which VoQ^according 
to ^t^j^ information- 

Grant information is transmitted to each ofjlVoQ 
controllers 12-i(i=l, n) as ARB-ACK by a signal line 15, 
and, at the same time, the arbiter reflects the r^ults of 
its arbitration to the structure of a path inside\a5y(crossbar 
switch. The VoQ controller 12-i informs ^t toj the input 
buffer 10 Jtha^which VoQ should send a segment according 
to its ARB-ACK information. 

The segment transmitted from the input buffer 10-i is 
switched by ja) crossbar switch 19 and then transmitted to an 
output line processor 17-i. The output line processor l7-i 
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restructures the packet f r:om the segment which has been 
received from the crossbar switch 19 and then sends it to 
an output line 104-i- 

With reference to FIG. 2, the structures^ of the VoQ 

"Ik 



controller 12 and the ARB-REQ generator 13 (ar^ described in 
detail, ^Qn^thisji^oin^/ FIG. 2 ^ploys||one example of ghe) 
(case of) a 4 x- 4 switch ^izSj for simple explanation. 

The header of the packet^ which has been processed in 
the header analyzer 401 inside the input processor 16^1$ 
transmitted to a write address^ (WA) generator 403 in the VoQ 
controller 12, jmanagedjj^to write an input packet (to whicl^ 
^QXl by the WA generator 403). The WA generator 403 sends 
memory address information to the input buffer 10 by way of 
a WA control signal line 412^ and gives an indication of 
writing the packet tojiVoQ 11 corresponding to a destination* 
At the same time, the WA generator 403 transmits information 
of the packet which has been written in the input buffer 10 
to a queue length manager . 405 and an output data interval 
manager 406, The queue length manager 405 ^s a queue length 
counter 410 corresponding to each of ^i:^VoQs inside the 
input buffer 10;^^^^^^ 

FIG. 2 jgivesj^the case of a 4 X 4 switch as an example. 
* Since four VoQs exist in the input buffer 10, the queue 
length manager has four queue length counters 410. The queue 
length manager 405 increases the length of the segment of 
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the input packet to the numeric value of the queue length 
counter 410 for the current length of the queue. The output 
data interval manager 406 has an output data Interval 
counter 411 corresponding to^one or more VoQs inside the 
input buffer 10. The output data interval manager 406 does 
nothing to the VoQ in which the packet has been input in the 
case where the segment has already existed* If the segment, 
has not existed, the output data interval manager 406 gives 
an indication to the output data interval counter 411 
corresponding to the VoQ so as to add 1 to the numeric value 
per arbitration period/ and manages the output data interval 
time. In other words, the numerical value which the output 
data interval counter 411 shows indicat^^ha^ how long the 
segment has not been transmitted from corresponding VoQs- 

A read address (RA) generator 404, according to 
ARB-ACK information transmitted from the signal line 15, 
transmit^, through a sign^ ^ne^l3/ inf ormation|^ SBXidj 
from which VoQ the segmentj|to the input buf fe^. At the same 
time, the read address (RA) generator 404 transmits 
information of the segment which is read out from the input 
buffer 10 to the queue length manager 405 and the output data 
interval manager 406 as well. The queue length raanager^405 . 
'decreases the queue length counter 410 corresponding to>VoQ 
which has transmitted out ^e)^egment to the crossbar switch 
19- Further, the output data interval manager 406 resets 



f 
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the value of the output data Interval counter 411 
corresponding to ^he)j[VoQ. 

Information of the queue length manager 405 and of the 
output data interval manager 406 is transmitted to the 
ARB-REQ generator 13 by way of a signal .line 414 • The ARB-RBQ 
generator 13 has an ARB-REQ generating part 409 
corresponding to each queue inside the input buffer 10.". 
Respective ARB-REQ generating parts 409-1 tot-4 assign some . 
level to the corresponding queue according to information 
received from the ARB-REQ generator 13. When the level is 
a-ssigned to the queue/ a VoQ level assignment matrix 416 is 
refer re(^. For the VoQ level assignment matrix 416^ it is 
possible for a user to tune the arbiter in accordance with 
the characteristics of the traffic^ which ^re)^nput to the 
node thereof. The level of each VoQ which has been created 
in the ARB-REO generator is transmitted to the arbiter 14 
by way of the signal line 18. 

FIG. 3 shows one embodiment of the VoQ level 
assignment matrix 416. The level ^^ignment matrix has a 
segment transfer interval 71 (ln^^Jkor^|^ntal axis and the 
number of segments queued in VoQ 4)j7'ertical axis 72. The 



longer an output data inter^^l time is and the more the 
* number of segments queued injIVoQ is, the bigger the level 
assigned to/VoQ is. The level assignment matrix is 




■ 4 
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calculated from a queue length (the number of segment in VoQ) 
and the segment transfer Interval, 

By assigning the level to the queue in this way^ it 
(£omes to bi^possible to send^withinfa) delay timefipr setting 
(arbitraril^^the packet which has entered into the switch. 

The time for sending the packet from the queue of i VoQ 
having a high load is longer than that of j VoQ having a low.,; 
load- Thus, a high level is .assigned tojiVoQ in wbich the , 
number of segments stored in the queue is big/|(aiid thu^ grant 
is given thereto in a priority manner. In other words, this 
level indicates information of the degree of priority in 
obtaining grant. 

Since the packet is transmitted within a delay time 
which is set arbitrarily by way of) VoQ havingj^low load, it 
functions to increase the VoQ level if the transmitting 
interval becomes long. 

The VoQ level L is obtained from the following 
expression. 



i 



— 7 xe) 



xl5 
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where# M: timeout^ t: output segment Interval, s: the number 
of segments at the present time, a: output data coefficient, 
b: queue length coefficient/ 

When (M-a't) /b*s ^ 1 is attained, the VoQ level attains 
the maximum value. When the VoQ level has reached the 
maximum value, it is indicated that the VoQ thereof has 
reached^© sucfija condition (a^ having a high possibility of , 



obtaining a grant- • '"■■^^'•'''iy^^^^^^ 

M is a value which is defined from both a delay time . v-^ij^^^ ' 
that can arbitrarily be set by the switch and one arbitration 



T 

M=—-n 



T/ta can define the number of times ^f performing^ 
arbitration! during the delay time which can be defined 
arbitrarily. On the assumption that the levels of all VoQs 
attain the maximum values at the same time, until the grant 



time. M is also a value for decidi^^ both the maximum value 
of segment transfer interval 71 injtlevel assignment matrix 
and the maximum value of the number of segments 72 queued 
injiVoQ. Where T is the delay time which is required by the 
switch and determined arbitrarily, ta is a time for one 
arbitration time, n is the number of input ports of the 
switch. M can be obtained by the following expression. t-'^^ 
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is given^iVoQ, to which the time for maximum n arbitration 
will be waited, appears. Therefore, in order to transmit 
the segment within the delay time which is arbitrarily - 

^ ih 

defined, even if j[VoQ has only one segment, a VOQ level tdkesj( 
maximum, when the output data interval becomes T/tac~n. 

As §hown|jifrom the level assignment matrix shown in 
FIG. 3, since the VoQ level becomes high as the output data 
interval |(urns to bejplarge injVoQ having only one segment, 
it is not necessarily concluded that the segments are not 
transmitted until the maximum delay time is requested* 

The level assignment matrix in. FIG. 3 is limited to 
time out M = 20, a = 1, and b - 1, By changing an output 
data interval coef f icient^and a queue length coefficient Jb, 
it is possible for them to be changed to arbitration which 
regards the output data interval as important and 
arbitration which regards ©jjqueue length as important • 

When the packet switching system of the present 
invention is employee! in a place where, for example, a lot. 
of voice data jrequire^ never to be late in data transfer, 
^hould be processed ^setting is changed so as to suppress 

the delay time as much as possible where such data are queued 

<\ 

inKVoQ havina low load trafficf* 

^^oncretel^/ setting the value of the output dat^ 
interval coefficient a to 1 or more permits the VoQ in which 
the segments are not yet filled to get a large level within 
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a short output data Interval* FIG. 4 shows the condition 
of the VoQ level assignment matrix at the time of defining 
the value of the output data interval coefficient a as 2. 
When the level of the matrix in FIG. 4 is compared with the 
level assignment matrix of FIG. 3, the VoQ level already 
becomes large when the output data interval of the segment 
is small. Thus, it is also possible fori VoQ having (^hi^jpLow-v 
load to transmit the segment in a short delay time; 

On the contrary, when the packet switching system of 
the present invention is employed in a place where a lot of 
dataj^required never to be abandoned in data transfer^ ghouldj 
^ processed)/ though the delay time of iVoQ havxng (the>low 
load traffic lengthens slightly^ it is preferable to 
suppress an overflow of a buffer by outputting the segments 
from|,VoQ having ^he) high load trafficif in a priority manner. 
In such a case, by defining the value of the queue length 
coefficient h as ^h%i,value greater than 1, it is permitted 
to assign the VoQ level which acts in response sensitively 

Ok. 

to a change of the length of the queue . When jEhe)ttiigh load 
is applied, the length of the queue>^urns to be) long. FIG. 
5 exemplifies the condition of the level assignment matrix 
at the time of assigning the queue length coefficient as 2. 
When the level assignment matrix is compared with the level 
assignment matrix of FIG. 3, large levels are found in places 
in which the number of the segments of VoQ is small. 
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There fore / for VoQ in which the length of the queue becomes 
longer, it is possible to preventj VpQ^in which the length 
of the queue becomes longer, from ^he| buff er.<k overflowing 
by making it easy to givei grant by |givingj|fi larger level as . 
soon as|^^rlieB, 

Further/ where the output data interval is not * 
considered at all and it is desired that arbitration is .^^a^sI 
performed using only the length of the queuO/ it ^mes t^^ "^ly^^ 
^^possible by defining the value of the output data interval 
coefficient a as 0. 

All of the VoQ levels calculated by a numeric 
expression 1 are rounded off and they are expressed in the 
level assignment matrix as integers. Further, when M-a-t 
< b-s or M ^ a-t is attained^ they become values other 
than 0 < L ^ 15* However, when such a situation occurs, since 
it is expressed that the VoQ level already exceeds the 
maximxim level 15, the level 15 is given to^VoQ to which the 



values other than 0 < L ^ 15 are given by this expression. 

Information of the level per VoQ is collected to 
arbiter 14 from each ARB-REQ generator. 

FIG. 6 is a block diagram of an embodiment of the .^^ 
arbiter 14. In all VoQ levelfH collectors 121, information ' 'Vf 

of the level of all VoQs is collected. 4 

FIG. 7 (Expresses thejj^condition (o£)/all VoQs to which 
reqpaests have been made as of arbitrary points of time. The 
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columniof the matrix expressMt an output line number 131, 
and the rovcthereof expressing an input line number 132* For 
example, in the case where an input line number is 1 and an 
output line number is 1, the level, which is assigned to VoQ 
11-1-1 of an input buffer 10-1 of FIG. 1, is stored. Further, 
a "O" 133 of the matrix has the same VoQ level and^h^leVel 
smaller than ♦•O" is assigned to an empty portion. 

In thisxjconditiog, giving grant to/ VoQ having an 
output line number 4 in an input line number 2 and^VoQ having 
an output line number 2 in an input line number 4 obtain the 
best combination of inputs and outputs. In order to give 
grant toj^VoQ efficiently all the time^a tournament for each 
o:^inputs and a tournament for each of|OUtputs are performed. 

FIG. 8 (Is a view ofVa concept of tournament processing. 
In FIG. 8, numerals represent the level offVoQ which is a 
member of the same input line number or output line number. 
In FIG. 8, fchougfik there are two VoQs having the same levels, 
(in such a caseTl it is made not ^o wi^ either onejjbut ^o W2^(^ ::<^,: 
all VoQs having the same level»||. This is to give grant 
efficiently as shown in FIG* 7. 

This tournament processing is^erformed for each o±^^^ 
input line directions and for each ofioutput line directions 
in (aiT) every input line tournament processor 122--1 and ^n) 
every output line tournament processor 122-2, and then^VoQ 
is selected, which has the highest VoQ level (the request 
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^^^transmitting is the highest among their line numbers } 
among them. 

As ^he)^re8ult of the tournament ^ a win/defeat 
combination l4l(p^FlG. 9 is^capable of being considered for 
an input line direction and an output line direction. The 
level reassignment part 124 evaluates information of each 
VoQ level by reducing to J]4jilevelS/ 0 t^ 3, according to a '4$:^^,^ 
level reassignment table 6 3^ (of) FIG* 10. 

VoQs which have been reevaluated into [4)jilevelS/ 0 to 

3^ are picked up sequentially from VoQs of the level 3 in . 

a selector 125 of^ VoQ having the same level. Grant is given 
<\ 

to^VoQ which has been picked up herein by a Round Robin . 
selection in a grant assignment part 126* 

Since it is not possible to give grant in the same 
arbitration period from bothj^yoQ to which grant is given andA 
VoQ which is a member of the same input line number or the 
same output line nvimberr grant is taken away in a grant 
deprival part 127. 

Information of |VoQ, igrant of which has been deprived/ 
isfnotifiedkto all VoQ level* collectoisl21 by way of a signal 
line 123, From ^ts)jLn^rmat ion, the tournament is performed 
once more among VoQs ^ /grant of which has not been deprived 
at all, and then the levels thereof are reevaluated. Then, 
in the same way as the aforementionedj^^escriptio^, A VoQ 
having level 3 is picked up by way of a same level VoQ 
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selector 125, and then grant is given to the VoQ by a grant 
assignment part through the Round Robin selection. By 
repeating such a repetitive operation, it is possible to 
create the best combination of input line and output line. 

Since it is not possible to give grant at the same time 
in the same arbitration period fromj^VoOs that are members 
of the same input line number or the same output line numbef/^^^^^ 
as VoQs having grant in the aforementioned process, the ' ; 



grant deprival part 127 deprives grant from the VoQs . . ' 

Information of VoQ/ ( grant of which has been deprived, is. 

ilhotif ieato the same level VoQ selector 125 by way of a signal. 

line 129. The same level VoQ selector 125 picks uj^VoQ having 

level 2 still having/grant and then gives^grant by the grant 

assignment part through the Round Robin selection. 

^ CK 

Then, by way of the same process as giving>igrant to^ 
<^ a A, , 

VoQ having Klevel 2, grant is given tojVoQ having^level 1. 

Grant is also given tc^VoQ with the level 0 havingi^ grant to . 




be transmitted next. 



• •••• 'V =^t«fsSS5 



Grant information is changed to AE^-ACK information 
by an ARB-ACK generator 128, and thenj(tran5mitted to the RA 
generator 404 of the VoQ controller 12 by way of the signal 
line 15, The RA generator 404 tr^smits the ^ 
'segment- transmitting signal 413 toAVoQ^ according toA, 
ARB-ACK information. At the sajne time, VoQ information for 
sending the segment is ^tified)jJ:o the queue length manager 
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405 and the output data Interval manager 406. The queue 
length manager 405 deqreases the number of transmitted 
segments from the value of the qu^e length coi^Lter 410^which 
manages the number of segments of|VoQ to which|grant has been 
given. In the output data interval manager 406, the Value 



of the sending out interval counter which manages, the 



output data interval ofAVoQ to which/ grant has been given> ^!^.t%> 

FIG, 11 is a flowchart of a sequential process [o^he . '.^^^ 
aforementioned arbiter 14. ghejitournament is performedito)fr«x.:^. ^^^^^ 
the VoQ levels which have been collected from each of the 
input buffers with respect to the input and the output (S81) . . 
The VoQ levels thereof are reevaluated using the levels of 
3 to 0 in order of highly requested output data for each VoQ 
(S82-1 to -4) . First of all^ VoQs of the level 3 are picked 
up by way of the same level VoQ selector 125 (S83) . Grant 
is given to them through ^e) Round Robin j,(S83-l) (it may be 
considered to adopt 2DRR (Mamoru TJ^KAHASHI, et al-/ 
"Improvement of Packet^Priority-considered-Packet-Switch 
having Input Queue corresponding to each Output Port/ " 
SHINGAKUGIHOU SSE97-13) and the like, which has a pointer 
in order to maintain the state of being equal as this Round 
Robii^ • Since it is not possible to transmit the segment 
at the same time ^s^the same arbitration period f rom^VoQ for 
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the same input the same output as/VoQ to whicty ^oC^ha^U^^ 
given^^grant of/VoQ is deprived (S83--2) . 



In the present embodiment/ in order to improvsj^J 
efficiency of the arbiter, not to give^grant to/VoQ having 
level 2/ but the level of VoQ, to which grant is not given, 
is back to the level of 0 to 15 before reevaluating, the 
tournament is performed once more, and then reevaluation of. r;:v4^J 



the level (884) is performed. The more this process is 
repeated, the more the combination of the queues selected 
by arbitration ^sjiclosed to the most suitable one. 

As a result of reevaluating, ji grant is given to^VoQ 
having level 3 (S83-1) , Grant of^VoQ, which has the same 
combination of input lines and output lines as the VoQ 
obtaining n grant, is cancelled (S83-2) - 

Subsequently, I VoQ having^level 2 is picked up (S85) , 
grant is given (S85-1) , and thenj^grant of JiVoQ which has the 
same combination of input lines and output lines asjiVoQ to 
which grant hasjlgiven is canceled (S85-2) . 

Subsequently, kVoQ having Uevel 1 is picked up (S86) , 
grant is given (S86-1) , and then grant of VoQ which the 
same combination of input lines and output lines asjiVoQ to 
which grant hasjlgiven is canceled (S86-2) . 

At last, if there iS|VoQ having^grant at the level 0^ 
grant is given by way of the Round Robin selection (S87) * 
In this way, ^qj^is' ended to give^grant to the combination 
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of all of the inputs and the outputs^ and then the process 
of arbitration pias be en^j finished. 

FIG. 12 l^^^the results of processing in accordance 
with the flowchart of FIG. 11. This figure indicates 
arbitration of the 4X4 switch. It is possible to express 
the VoQ levels, which have been collected in all VoQ levels 
collectors 121/ visually in^a matrix 21 ^a^. The rowsof the . 
matrix indicateff the input line number^ and the columns 
indicatelp the output line number. This matrix shows that^ 
for example, in the matrix 21, the VoQ level for the input 
line number 3 and the output line number 1 is 10. 

The tournament of FIG. 8 is performed for each of the 
input lines and the output lines, and^ thereafter^ 
aforementioned reevaluation is performed in FIG. 10. 1?^!^^ 
matrix 22 indicates the results thereof. 

The matrix 23 shows thatj^VoQ having level 3 has been 
selected from the matrix 22 and grant has been given thereto 
by way of the Round Robin selection • Since grant cannot beifc 
given tojVoQ which has the same input line number or output 
line number asKVoQ to which grant has been given at the same 
arbitration period, grant is deprived therefrom. The symbol 
"X*' of the matrix 24 indicates that grant has been deprived. 

Next, The level of^VoQ to which grant has not yet been 
given is back to the level of\VoQ which has been created in 
the ARB-REQ generator. A matrix 25 indicates the matrix 
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which has already been converted. Once more/ the tournament 
and reevaluation of the levels are performed, 

A matrix 26 indicates the result thereof. In the 
matrix 26/ grant is given to VoQ having level 3- At this 
point, grant is given to VoQ having the input line number 
2 and the output input nxjmber 4. 

A matrix 27 indicates that grant has been given 
thereto. Grant is deprived frolI)^^VoQ which has the same input • 
line number and the output line ntamber as VoQ to which/grant 
has been given. 

A matrix 28 indicates that^grant has been deprived 
therefrom. Next, grant is given to>VoQ having level.2,. 

A matrix 29 indicates that grant has been given 

thereto. a4*>^^^ ^ 

In the case (of being) explained g.n)|vFIG: 6, since grant 

has been given to all of the combinations of inputs and 

outputs in accordance with the aforementioned processes, (a) 

series of arbitration*. has terminated- For the case other^;^ 

than that, there may be a case where a process of givingj^grant 

toKVoQ havingftlevel 1 and gh^level 0 is required* In such 

a case, grant is given in accordance with the flowchart of 





^ FIG - 11, 



FIGji 13 ^s^^nother embodiment of th^^acket switching 
system of the present invention. In ^h%| embodiment r by 
giving ARB-REQ information to a header portion of the 
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segment without using another line, it is transmitted to an 
arbiter via lin-channel ^ .{\ < rt - a I 

The^oiftta different from|(the packet swi^^c^ing system 
of FIG, 1 are that ARB-REQ information is ^nc4)jtransitiitted 
to an ARB-REQ assigrunent part 111 by way of a signal' line 
118 and then to the arbiter 14 by giving ARB-REQ information 
llA to the header portion of a segment llS^arid "that. v the' 
. arbiter 14 is included inside the crossbar switch 19^* ;i'^;^v:^^^^::v^^ 
In the same way as the einbodiment of FIG- 1/ I^-T(I:Q:::\Si^ 
information is collected in the art>iter 14, and then it i$ 
decidedjto giv^ to which VoQj^f rom ARB-REQ information , Then , ..v.^-t^-y:-^^ 
grant information is assigned to a header 116 of a switched 
segment 115 as ARB-ACK from the arbiter by way of the signal 
line 129, Grant information is collected in an ARB-ACK 
collection part 112, and thenj[ transmitted to the VoQ 
controller 12 by way of a signal line 119 . The VoQ controller 
12 instructs an input buffer^ to transmit the segment grom) 
^ich Vo^ 

The advantageous point of this method- is that it is • 
possible to ^ake simplejAthe structure of hardware's i nee 
the number of (thG)signal lines can be decreased^because it 
is not required to prepare the signal line for the arbiter. 

FIGS. 14 and 15 show results of the simulation of a 
queue information management arbiter of the present 
invention and an arbitration method (referring to Koji 
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WAKAYJMA^ et al./ "A Study of structuring a Large Capacity 
Packet Switching Systems," SHINGAKUGIHOU IN98-160) for 
performing the Round Rbbin|by judging the presence of the 
segment off^oQ under the same condition. It is supposed that 
the condition of the simulation is a 4 X 4 input output 
crossbar switch having ^!^nput line&giumber 4|an<J|/yie)output : 




FIG, 14 shows a distribution graph of an average delay 
time Of the conventional arbiter and the proposed arbiter'.: - i^^^^^ 
of the presentj^^plicatiofl) at the time of having uniform 
traffic* The vertical axis 92 g^jDelay (Segment) > and the -p^^ 
horizontal axis 91 ^g^oad Rate (%) . The higher the. load v:;^^; 



of a line is, the bigger the volume of the delay of the 
conventional arbiter is. However, it is possible for the 
proposed arbiter to suppress the delay time from increasing. 

Even for uniform traffic/ if the load of the line 
becomes higher , the traffic condition tends to be 
unbalanced. Therefore^the proposed arbiter^which takes bothj(f?Ss5iQ^^ 
output data interval and^queue length of^VoQ as parameters^ 



can suppress the delay time better than the conventional 
arbiter J which ^akes^jjwhether the segment exists as a 
parameter . 

FIG. 15 shows the results of the simulation of the 
delay distribution of^oQ having/^low load traffic and^oQ 
having^high load traffic when traffic having gie)KLoad higher 
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than others is given to ong input line among ^4||^!np lines ♦ 
The vertical axis 102 |si^Pro^^ility (Delay time > d) , and 
the horizontal axis 101 j|.s^elay (segment) . 

Quadrilateral plots ^:KP2:es^ the delay distribution of 
the input port having traffic of the higher load, and 
triarigl^ plots ^prGsg)jkthe delay distribution of the input 
port having traffic of the lower load* 

. . As shown from the delay distribution of^VoQ having • 
traffic of the higher load, the proposed arbiter suppresses 
the delay time better than the conventional type arbiter. 
The length of the queue of KVogJiaving ^af f ic b^the higher: 
traffic is longer than that of upther VoQs . The proposed (typi)_^ 
of performing arbitratio^aking the length of the queue as 
a parameter tends to give lauch^ran^ to^VoQ having>|long queue 
length. This can suppress the delay time of^VoQ having 
traffic of ^§^hlgher load, ^ 

On the other hand/ though an intact is given to/VoQ 
having traffic of |th^))jLow load by. said effect, the switching 
system of the present invention can suppress tl:^ ef feet {^o)^^. r 




VoQ having xlow load traffic because it takes j^output data 
interval as a parameter. 

Since the length of the queue is managed, it is 
'possible to perform highly effective switching even when 
unbalanced loads are ^iv4n)^o the switch. It is possible 
to suppress the delay time of aVoQ effectively/ to which 
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traffic of ^e^igh load is/llve^. Further, it is possible 
to transmit ghejipegment without giving ^hejtef feet tojjVoQ to 
which traffic of [th^low load i^^ve^* I 

Even for^VoQ to which traffic of jth^ow load isjjgive^^ 
it is possible forAVoQ level to take the maxilaum level when 



the time predetermined by a user arrives ♦ Thus, it gpxae^ 

be) easy to remain undefeated in the input direction arid% 
the output direction for the tournament of next processing y.-^^^^^ 
and thus it ^mes t(^po5sible to attain the maximum level 
when the level is reevaluated. Therefore, it ^laes to. be) 
easy for its VoQ to obtain grant of the segment. ^Therefore/ . 
itjcomes to bS^ossible to pr^r^nj: starvation of aVoQ to which 
traffic of (th^low load iS|^|rive^. 

By employing the present invention^ it is possible to 
provide fch^arbiterJ^capable of managing any of jthej balanced 
loads or ^he) unbalanced loads. 
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